A study of the critical factors in the colorimetric determination 1 i of total iron in silicate and phosphate rocks, and in other nonmetallic materials is presented. Sit was desired to ascertain the wavelength of maximum absorbancy, the optimum concentration range for iron, the effect i of different substances on the ferrous-o-phenanthroline system, and reproduclbility of results. The sample is decomposed -with KF'ENOs'HCHU in platinum, and the iron is determined colorimetrically -with o-phenanthroline Fo separations are made. Accurate results are obtained on a variety of materials.
INTRODUCTION '
i In order to check analytical methods for reliability, accuracy, and applicability prior to large-scale ttse in the laboratory, the ophenanthroline color;imetric method for the determination of total iron "was tested. The purpose of this report is to present a critical study of various factors that may affect the formation of the colored complex, including a study of the effect of varying concentrations of ions that may be encountered in the routine analysis of rocks and other nonmetallic materials. This work Kias done on behalf of the U. S. Atomic Energy
Commission.
An iron-sensitive phenanthroline, 2-methyl-(l, 10 ) -phenanthroline was discovered by Gerdeissen (1889). However, he did not mention the ferrous iron complex; this -was first reported by Blau (1888 Blau ( , 1889 Blau ( , and 1898 ) who synthesized o-phenanthroline. Following this original observation in 1898, little seems to have been done for three decades to use the fact analytically. Application of the ferrotjg iron o-phenanthroline complex as a redox indicator did not come until 1931, when it was introduced by Walden, Hammett, and Chapman (1931) . Use of o-phenanthroline as a reagent for ferrous iron was reported by Saywell and Cunningham in 1937 and by Hummel and Willard in 1938. In 1938 an exhaustive study of the reaction was made by Fortune and Mellon. A summary of the work done with o-phenanthroline up to I$kk was made by Smith and Hichter. A review of the known methods up to 1951 for the colorimetric determination of iron has been published by West (1951) .
The active functional group through which o-phenanthroline ovjes its capacity to form complex cations of the chelate ring type when reacted " " with ferrous iron and other ions is the cyclic = N -G -C -N = group.
The generally accepted formula is: In order to "become "better acquainted with the method its limitations and peculiarities the following factors were studied:
1. Optimum conditions for color development and useful range.
2. Effects of possible interfering ions.
3» Reproducibility of results.
The procedure used to study the above factors was as follows,
The required amount of the standard iron solution was measured out and the following reagents were adSfed in the order mentioned: 1.0 ml of i cone. HC1; 2.0 ml of a 10 percent aqueous solution of NEfeOH-HCl, 2.0 ml of a 0.25 percent aqueous solution of (1, 10)-phenanthroline, and 10.0 ml of a 25 percent aqueous solution of sodium acetate. According to Fortune and Mellon (1938) and Bandemer and Schaible (19^) , it is important that the above reagents be added in the order mentioned. Solutions of possible interfering ions were added before the addi^on of NH2OH-HC1. The solution was then diluted to 25 ml with water. After allowing the solutions to stand for at least 30 minutes, the optical density was measured with a Beckman DU spectrophotometerj 'the absorption was at a maximum at 510 m/f (slit width = 0.0^ mm). Distilled water was used in the 1.00-cm corex reference cell.
PROCEDURE FOR THE DETERMINATION OF TOTAL IRON

Apparatus and solutions
The absorbancy measurements were made with a Beckman DU spectrophotometer equipped with 1,00-cm corex cells. The reference cell contained distilled water unless otherwise stated. If distilled water was not used, the "blank" in the reference beam of light -was filled with a solution containing the same amount of hydroxylamine *HC1 and o-phenanthroline as was used with the iron in the other cell.
All pH measurements were made with a continuous-indicating lineoperated pH meter.
The standard solutions of iron were prepared by dissolving electrolytic iron wire in dilute hydrochloric acid. The solutions were then diluted to volumes such thdg^ 1.00 ml contained 20 7 Fe203> 50,7
Fe203, and 100 7 Fe^Os, respectively. Both 0.10 and 0.25 percent solutions of Q-phenanthroline were prepared "by dissolving the monohydrate in doubly distilled, iron-free.
water. The reagent dissolves readily in water heated to about 80 C. * It is. important that the (l, 10)-phenanthroline monohydrate be free from impurities. Contamination is evidenced by a pink coloration of the crystalline material and a lowering of the melting point (99 -100 C).
Following the original work of §aywell and Cunningham (1937)> ' hydroxylamine hydrochloride wasi used as the .reducing agent in all work on interfering ions and in concentration, tests. The 10 percent solution of hyflroxylamine hydrochloride, used as the reducing agent for the iron, was prepared by dissolving the C. P. reagent in doubly distilled water.
Solutions used in the determination of interfering cations were prepared from the chloride or nitrate salts of the metals j the anion solutions were prepared from the sodium salts.
Sodium acetate was usedi to adjust the acidity to a pH of 5-5« Bandemer and Schaible (19^) The significance of the proper selection of the reference solution I was studied. The absorption spectra were obtained using a solution containing the reagents as the reference solution. Figure 1 shows the absorption spectra obtained using distilled -water as the reference solution.
Ueing a "reagent blank" as the reference solution, no marked difference in the shape of the initial portion of the resulting curves -was noted^ measurements beyond kQo m/( coinciding vith those of figure 1. Therefore, it seems unnecessary to utilize a reagent blank solution in the reference cellos so that the true absorption spectrum of the ferrous-o-phenanthroline complex can be obtained.
Acid concentration
In order to study the effect of acid concentration on the intensity of the ct>lor produced in solutions of rock samples, a series of solutions containing 0.1, 0.2, 0.5, 1, 2, k, 6, 8, and 10 ppm Fe^Oa were prepared.
The solutions also contained 80 ppm P205 and 2500 ppm C104 . These -phenanthroline-ferrous system was independent of pH in the region from 2 to 5. A pH of 3.5 -was selected for the final procedure. Figure 3 is i a graph of the density of the ferrous-phenanthroline solutions as a function of pH at two iron concentrations.
Effect of prienanthroline and hydroxylamine concentration
As the procedure is designed to determine no more thetn about 8 ppm Using the maximum amount of phenanthroline solution needed (2 ml of 0.25 percent solution), the same three concentrations of iroU'were then tested for the effect of hyroxylamine concentration. Figure 5 plots the density of the ferrous-phenanthroline complex against the hydroxylamine concentration. For the final procedure, it was decided to use 2 nl of a 0.25 percent phenanthroline solution and 2 ml of a 10 percent hydroxylamine hydrochloride solution. .
As the iron in solution in the final procedure is in the ferric form, it is necessary to use a reducing agent. According to Fortune and Mellon (1938) and Saywell and Cunningham (1937) , the most satisfactory reagent for this purpose is hydroxylamdne hydrochloride, so we used a 10 percent solution of MHaOH'HCl as the reducing iagent. Bowen and Schairer (1932) found in a phase-equilibrium study of the ferrous oxide-silica system that platinum crucibles removed too much iron to be usable. They stated that platinum has a marked disadvantage for this purpose. Except under strongly oxidizing conditions, i$ reduces iron from its cor^ounds and takes iron into solid solution.
In all cases tested, some iron was removed from the charge by the platinum crucible. This phenomenon was circumvented in the present study by using fuming EN03 -HC104 .
According to some investigators (Fortune and Mellon, 1938j Smith and Richter, 19^ and Sandell, 1950) 
Different ions
An advantage of o-phenanthroline over some of the other iron reagents is in the possibility of using it in slightly acidic solutions so that the i hydroxides and jtw^phates of many metals are not precipitated. However it has been found (Fortune and Mellon, 1938; Smith and Richter, I9^j Brabson et al., 19^-6; and Sandell, 1950) The ions that might interfere and the maxiBftm amounts permissible without interference, as determined by Fortune and Mellon (1938) of the eleioents that may be present in the original sample have been calculated and are listed in the third column of table 1. If present at all, the percent of these ions would be extremely low in the materials for which this procedure was trtecfc* and for which it is recommended. Ho interference is expected from this source. However, any change in hue or any precipitation should serve as a warning that the material needs further study. Treat a 0.1000-g saaiple with HF, HN03 , and 5 ml HC104, and^ring to fumes of HCIOÎ / Dilute to 250 ml and use 5-ml aliquot j make final volume to 25 ml.
REFROBUCIBILITY OF RESULTS
2/ Dilute to 100 ml and use 5-ml aliquot } make final volume to 25 ml.
